SUMMARY: The possibility of using radiofrequency energy (RFE) to produce a suture less anastomosis is attractive both to the military surgeon and on the grounds of cost and simplicity. To investigate this, fresh rabbit aorta was divided lengthways into 4 mm strips and apposed, intima-to-itima. A Valleylab Force 30 Electrosurgery machine supplied RFE at 500 kHz. The energy was applied using standard bipolar forceps and 121 attempts were made to weld the tissue. Seventy seven welds resulted of which 36 were able to withstand a distraction force of greater than O.lN: the strongest weld was disrupted at 0.35N. Intact tissue withstood a distraction force of greater than 2N, whilst sutured joints disrupted at 0.97 N. It is concluded therefore that radiofrequency energy at 500 kHz does not satisfactorily weld vascular tissue.
Introduction
The construction of a conventionally sutured vascular anastomosis is a skilled, time consuming task, unsuited to the military environment. It results in a rigid, fibrotic join prone to neo-intimal hyperplasia and restenosis.
Over many years, numerous attempts have been made to overcome these flaws by the development of practicable sutureless vascular anastomotic techniques. Generally one of the three main joint configurations ( Fig  1) were used.
Over hundred years ago Abbe described the use of a glass intraluminal stent to produce a butt joint (1) . Subsequently, soluble intraluminal stents (2, 3, 4, 5) and cyanoacrylate adhesives (6) have also been used. Various stapling devices have also been described (7, 8) but they were mechanically complex and their use has not become commonplace.
Recently many groups have demonstrated the construction of sutureless vascular anastomoses using laser energy to weld the tissue together, Wavelengths from 488 nm (Argon ion) (9, 10) , 532 nm (KTP) (11), 1.91lm (Nd:YAG) (12, 13, 14) to 10.61lm (C02) (11, 15, 16, 17) have been used with varying degrees of success. The methods used have required stay sutures. Histological examination of the laser welds shows transmural necrosis with preservation of the elastic lamina and an initial weld composed of fibrin (15) .
It is unlikely that any method that requires the insertion of stay sutures or employs devices as costly as surgical lasers will achieve universal acceptance, certainly such techniques would not be applicable in a war zone. The use of lasers may be unnecessary, since closely apposing tissue surfaces and raising their temperature to 55°C for three hours results in collagen bonding (18) . Furthermore it has been shown that longitudinal venotomies and arteriotomies can be "welded" using conventional surgical diathermy apparatus, and that microscopic fusion of the collagen resulted, provided the correct temperature was attained (19, 20) . Strips of human aorta separated through the medial layer have been re-approximated using radiofrequency energy (RFE) (21) . Exceeding the optimum temperature leads to complete tissue disruption and charring (20, 21 This set of conditions will preclude general acceptance of laser welding. Radiofrequency welding using conventional diathermy apparatus has been shown to meet the third condition (20) and meets the last (cost).
An attempt was made to develop a rapid tissue welding technique for end-ta-end, and end-ta-side, anastomoses in arterial tissue using RFE. A Valleylab Force 30 model surgical diathermy unit (Pfizer Hospital Products Group, London) was used. This commonly available unit delivers energy at 500 kHz.
Methods
Rabbit aorta and iliac artery was harvested and used within four hours of death. The animals were housed and sacrificed according to the Animals (Scientific Procedures) Act, 1986. The tissue was washed and stored in 0.9% saline. The vessels were "cleaned" of most loose tissue and adventicia. They were opened along their length and cut into strips about 4 mm wide. Intima-ta-intima lap welds (Fig 2) were made by applying the standard bipolar output across the joint using the microsurgical diathermy forceps supplied with the machine. Having become proficient in the use of the equipment 121 welds were attempted. Generator settings of up to 20 (Watts) were used for measured times of around 5 seconds. This period is convenient for timing and surgical practice.
The overlap of the tissue was 2-4 mm, and gentle interfacial pressure was applied with the forceps. A weld was deemed to have been made if the tissues remained in apposition after the removal of the forceps.
Surgical Diathermy -Vascular Tissue Welding
Five joints were constructed for comparison by approximating two 4 mm strips using a conventional technique with three 6/0 prolene sutures.
For a second series a toolmaker's clamp was modified by fixing strips of perspex to each of its jaws. Copper wire (18swg) was laid in half round channels running along the perspex and held in place with epoxy resin. The protruding section of the copper wire was filed down level with the surface of the perspex and the entire surface finished by gentle abrasion with fine emery paper. This ensured that the copper wire did not divide the tissue when pressure was applied.
Strips of arterial tissue, about 4 mm wide, were laid intima to intima on the lower jaw of the clamp with an overlap of about 5 mm. This overlap was chosen as the minimum required to prevent extrusion of the tissue from the jaws of the clamp. The pressure applied to the tissue was set by adjusting the clamping screws to finger tightness. RFE was applied via the inlaid copper wire.
In a third series an attempt was made to try to localise the heat generated at the tissue interface by coating the intimae of the vessels with a thin film of soft yellow paraffin BPC.
After welding the tissue was placed in physiological saline for an arbitrary 5-10 s to rehydrate and then mounted on a jig to determine the static strength of the weld. The tissue was hung vertically and a slowly increasing weight was applied. The minimum measurable weight applied by this jig was 1O.5g, a distraction force of 0.1 N.
The output power of the Valleylab Electrosurgical generator into loads of between 50 and 500 Ohms was determined over a range of output settings (2-50) using an RF302 Electrosurgery analyser (Bio-Tek Instruments Inc., Winooski,VT, USA).
Results
The output power of the Valley lab Electrosurgical generator did not vary greatly with load. It was maximal at 100 Ohms, and the co-efficient of variation of delivered power with loads between 50 and 500 Ohms at a setting of 10 was 12%.
With little error the diathermy setting is equivalent to output power (Watts) into 100 Ohms. A set of typical output waveforms are shown in Figure 3 , demonstrating that although frequency remains constant at 500 kHz the wave shape varies with load.
On the test jig the maximum weight of 210 g (2.06 N) failed to disrupt the uncut strips of rabbit aorta.
The joints constructed using the conventional technique with 6/0 prolene sutures recorded a mean disruption weight of 99 g (0.97 N). The joints yielded significantly at about 90% of the final disruption strength. 
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The results from the first series of welds are shown in Table 1 and are summarised as follows: 44 attempts at welding failed completely; 41 welds failed at distraction force of <10 g weight (0.1 N):
36 welds failed at distraction forces of 11-36 g weight (0 .11-0.35N) .
No weld achieved a strength of 50% that of an equivalent sutured join.
Tissue bonding did not occur with a generator setting of 2 regardless of the time over which energy was applied. Settings of 3 resulted in 8 welds none of which resisted a distraction force of 0.1 N (10 g). At settings between 3 and 10, only 8 welds were able to resist a distraction force of 0.3 N (30 g) or more. Energy delivered at a setting of 10 of 5 s resulted in 8 welds which failed to resist 0.1 N, and 6 welds which disrupted between 0.13 N (13.5 g) and 0.35 N (35.5 g). Statistical analysis using multiple linear regression failed to demonstrate any significant effects.
A noticeable phenomenon was the preferential adhesion of the tissue to the diathermy forceps. Sometimes a "weld" appeared to have developed between each piece of tissue and the adjacent diathermy forceps blade, with little or no adhesion between the two pieces of tissue. Some poor quality welds were destroyed by the action of removing the forceps.
The results of tissue welds produced by the clamp were equally erratic. Twenty welds were attempted. Two welds of 0.12 Nand 0.39 N breaking force were forged with 4 welds unable to resist 0.1 Nand 14 failures. Power settings between 3 and 20 were used. The higher power settings caused unacceptable tissue shrinkage.
The results are shown in Table 2 . No welds were obtained by simply clamping the tissue.
In the third series the effect of thinly coating the intima with soft yellow paraffin appeared to be an increase in the heat generated for a given power delivery, but tissue welds remained weak and associated with excessive widespread tissue shrinkage. Of 16 welds fashioned only one could resist the mimimum 109 weight, and this weld disrupted at 20 g (0.19 N) . the results are shown in Table  3 .
Discussion
The breaking weight of uncut strips of arterial tissue 4 mm wide should approximate to 400 g, the ultimate longitudinal tensile strength of aorta being 1.7 MPa (24) . This is consistent with our finding. The strength of the welded anastomosis should be comparable with that of a sutured join (100 g). However, the best welded join required only 40g to disrupt, and this was accompanied by gross tissue shrinkage and distortion. Previous work (19, 20) used diathermy apparatus working at 3 -10 MHz and could produce a tissue weld which repaired a short longtitudunal arteriotomy or venotomy that sometimes would withstand arterial blood pressure immediately. In most cases two or more attempts were necessary to group.bmj.com on June 21, 2017 -Published by http://jramc.bmj.com/ Downloaded from achieve haemostasis. A significant mortality due to late haemorrhage was recorded in those animals in which the procedure was technically successful.
Using the present diathermy apparatus, tissue welding produces inconsistent results with poor strength and a large proportion of failures. The use of RF tissue welding may have a place as an adjuvant to other techniques to form a haemostatic seal in a pre-formed anastomosis. We conclude that tissue welding, using a commercially available bipolar diathermy operating at 500 kHz, is an unsatisfactory technique. * Energy delivered is calculated on the assumption that the load resistance is 100 Ohms.
